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Abstract: Fine - grained coal blending and washing based on the coal quality characteristics of different coal re-
sources is an effective means for coal enterprises to achieve resource integration and cost-effective operations. In
order to investigate the influence of different proportions on the main indexes of clean coal, the complete float-

sink analysis is carried out on raw coal samples from Pulongwan in Zuoyun District, Datong City (PLW) and
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from three surrounding mines (BJZ, HIW, KQ) to analyze the washability of the four raw coals. The basic coal
quality characteristics of single coal and clean coal are analyzed through proximate analysis and washability
tests. Three-stage float-sink tests are conducted on raw coal with different blending ratios. Key indicators such as
the yield, ash content, sulfur content, and caking index of clean coal in the density fraction < 1.4 g/cm’ are com-
pared to determine the optimal blending ratio for PLW raw coal. The results show that PLW and BJZ raw coals
contain relatively high levels of minerals and gangue, resulting in lower clean coal yields. In contrast, KQ and
HJW raw coals exhibit higher clean coal yields. Leveraging the coal quality characteristics, binary and ternary
blending of PLW raw coal (with relatively low yield) with the other three raw coals is catried out to achieve
clean coal with an ash content < 9%, sulfur content < 0.8%, and relatively favorable caking index. Within the
blending ratio range specified in the plan: in the binary blending scheme, the highest clean coal yield is achieved
when the blending ratio of PLW and KQ raw coal is 4 : 6, reaching 35.12%. The ash content of clean coal is
6.21%, the sulfur content is 0.75%, and the caking index is 73, all meeting the expected blending washing index
requirements, with a good effect. In the ternary blending scheme, the highest clean coal yield is achieved when
the blending ratio of PLW, HIW, and BJZ raw coal is 4 : 3 : 3, reaching 32.00%. The ash content of clean coal
is 8.10%, and the sulfur content is 0.73%, also meeting requirements. Based on the coal quality characteristics of
single coals, blending and washing can compensate for the shortcomings of Pulongwan coal, such as high intern-
al ash and low clean coal yield. This provides a strong basis and application guidance for subsequent coal blend-
ing and washing in coal preparation plants, thereby improving the economic benefits of coal preparation plants

and rationalizing the utilization of coal resources.
Keywords: coal blending and washing; coal blending scheme; float-sink test; binary coal blending scheme; coal
blending ratio
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Table 1 Proximate analysis of raw coal %
IR Koy Wy o
PLW 0.85 48.00 0.35
BJZ 0.54 37.65 0.30
HIW 0.72 33.70 3.81
KQ 0.62 27.71 1.33
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Table 2 Yields and indicators of each grade of

raw coal %
JE A FR ST (g em ) FER KAy ian
<14 1509 945 0.48
14~18 2755 2633 031
PLW
>1.8 47.03 7641 032
pesin] 1033 3431 042
<14 19.13  7.88 0.48
14~1.8 4253 2019 035
BJZ
>1.8 29.08 7550  0.08
TR 9.26 2350 042
<14 2792 627 1.19
14~1.8 2292 2301 087
HIW
>1.8 3721 6586  5.19
JEEE 1195 3225 1.83
<14 3955 634 0.93
14~18 2330 2240  0.85
KQ
>1.8 27.04 7045  0.94
TR 10.11 2847 1.68
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Table 3 Binary and ternary mixed washing scheme

JEAE Ll
PLW : BJZ 7:3 5:5 3:7 —
PLW : HIW 9:1 8:2 6:4 —
PLW : KQ 9:1 7:3 6:4 4:6
KQ : BJZ 6:4 5:5 4:6 _
PLW : HIW : BJZ 5:1:4 4:2:4 4:3:3 —
PLW : HIW : KQ 7:2:1 7:1:2 6:1:3 —
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Table 4 Comprehensive table of float-and-sink test for PLW coal %
Y (g om™ - v TFY R TRt S+0.15H
N (g em™) FRER KAy e Wy oy o I/ (g-om?) [
<130 1.68 2.65 1.68 2.65 100.00 49.10 1.30 21.98
1.30 ~ 1.40 20.30 8.86 21.98 8.39 98.32 49.90 1.40 30.99
1.40 ~ 1.50 10.69 18.08 32.67 11.56 78.02 60.58 1.50 17.13
1.50 ~ 1.60 6.44 27.57 39.11 14.19 67.33 67.32 1.60 11.81
1.60 ~ 1.70 537 35.40 44.48 16.75 60.89 71.53 1.70 8.99
1.70 ~ 1.80 3.62 43.82 48.10 18.79 55.52 75.02 1.80 6.95
1.80 ~ 2.00 6.65 55.48 54.75 23.24 51.90 77.20 1.90 6.65
>2.00 4525 80.39 100.00 49.10 4525 80.39
/Nt 100.00 49.10
B/ (grom™®) # 6 ABIZFEHFIIRN I LG R, HiK e L
02.2 2‘.1 2;0 1;9 18 1.7 1;6 15 1;4 13 12100 F, BIZMEw g g R, > 2.00 glom’ %
10} 190 = RN 43.44%, F W] BIZ JFIE AT A & 8
20| 180 o 130~ 1.40 g/lom’ % FE 90 77 R 25.50%, 77 %
0r 17 FAXT AR, H AR AR % BE 130, 1.40 g/em’ 43 % 1% L
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W5M1% 72 3R ON 24.40%, PRAG 4y 45 % R 1.42 glem®, d0
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Fig. 1 Washability curve of PLW coal e X 5 I
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Table S Theoretical separation indices of PLW coal %
KoY TR ISR/ (g - em®) 017 Gipd =1
9.00 24.25 1.42 54.90 i
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Table 6 Comprehensive table of float-and-sink test for BJZ coal %

B (g - om™) . S Aﬁ‘%%’eil‘ A‘Jﬁ%%il‘ éioi.léa‘hz': :

P sy P 5y B/ (g om) R

<1.30 2.01 3.31 2.01 3.31 100.00 44.72 1.30 27.51

1.30 ~ 1.40 25.50 8.41 27.51 8.04 97.99 45.57 1.40 38.29

1.40 ~ 1.50 12.79 16.72 40.30 10.79 72.49 58.63 1.50 18.71

1.50 ~ 1.60 5.92 24.06 46.22 12.49 59.70 67.62 1.60 9.66

1.60 ~ 1.70 3.74 30.95 49.96 13.88 53.78 72.41 1.70 6.74

1.70 ~ 1.80 3.00 37.82 52.96 15.23 50.04 75.51 1.80 4.80

1.80 ~2.00 3.60 47.79 56.56 17.30 47.04 77.92 1.90 3.60
>2.00 43.44 80.41 100.00 44.72 43.44 80.41

/it 100.00 44.72

R8N HIWEBEF IR EAR, hkgn 6.74%, TEKRHFE 1.30, 1.40 glem® 73 EIEW T, 6+
DIEW, HIWEEREE R S ERe, Hh 0.1 & 5 4 5 & 35 36.64%, 44.97%, W] ¥k M 55 9% 4y
1.30 ~ 1.40 g/em® J= 2R 5 ik 33.33%, Hfﬁz\iﬂ& H SR MERE . BHETE , (FORE B S A B

31



% 53K 2 i B H R 20254 A 25 H
#E/ (grem™) R % 8 Hh 4 1 &1 45 2] HIW 545 9 m 3k 1 il
22 21 20 19 18 17 1.6 15 14 13 12
0 e 100 g, WE 3P, hE 3 a2 HIW BEEE S 5> vE 48
{90 — VA
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Fig.2 Washability curve of BIZ coal EURG I 7 AR R 487 o
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Table 7 Theoretical separation indices of BJZ coal %
R 53 FEAE R PSP e/ (g cm ™) 5+0.195 6 AT ek
9.00 24.40 1.42 54.30 M
*8 HIWEREZENRBESGR
Table 8 Comprehensive table of float-and-sink test for HJW coal %
e/ E S pIK/E Say O+0.15 1
FHEH (g om™) g sy A : — —
FrA WKy [ K45y W/ (g em™) [
<130 6.31 5.47 6.31 5.47 100.00 34.90 1.30 36.64
1.30 ~ 1.40 33.33 6.74 39.64 6.54 93.69 36.89 1.40 44.97
1.40 ~ 1.50 11.64 16.56 51.28 8.81 60.36 53.54 1.50 17.79
1.50 ~ 1.60 6.15 25.90 57.43 10.64 48.72 62.37 1.60 10.75
1.60 ~ 1.70 4.60 33.69 62.03 12.35 42.57 67.64 1.70 8.27
1.70 ~ 1.80 3.67 42.80 65.70 14.05 37.97 71.75 1.80 6.37
1.80 ~ 2.00 5.40 52.49 71.10 16.97 34.30 74.85 1.90 5.40
>2.00 28.90 79.02 100.00 34.90 28.90 79.02
/it 100.00 34.90
F£9 HIWEFREBRSIEIER
Table 9 Theoretical separation indices of HJW coal %
KRR 5y BRI 5 B EBE/ (g em ) S£0.1%5 5 ] Pk g
9.00 52.20 1.51 23.90 BEHE T
10 KQEEEFRRKBESGE
Table 10 Comprehensive table of float-and-sink test for KQ coal %
_ Rt i Rt 6+0. 155
FHEH (g om™) g s A A — A
FER Y Zix FEER sy W (g cm) FEER
<130 2.52 3.00 2.52 3.00 100.00 33.63 1.30 41.97
1.30 ~ 1.40 39.45 7.43 41.97 7.16 97.48 34.43 1.40 52.81
1.40 ~ 1.50 13.36 16.85 55.33 9.50 58.03 52.78 1.50 18.59
1.50 ~ 1.60 5.23 26.15 60.56 10.94 44.67 63.52 1.60 9.16
1.60 ~ 1.70 3.93 35.23 64.49 12.42 39.44 68.48 1.70 6.92
1.70 ~ 1.80 2.99 41.86 67.48 13.73 35.51 72.16 1.80 5.15
1.80 ~ 2.00 4.32 52.42 71.80 16.05 32.52 74.94 1.90 4.32
>2.00 28.20 78.39 100.00 33.63 28.20 78.39
/it 100.00 33.63
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P/ (grem™)
22 21 20 19 18 1.7 16 15 14 13 12

R BEHIE 7= 3R 53.10%; FRIS /L% R 1.48 g/lom’;
MAF)E 6 +£0.1 & 7E 20.1% ~ 30.0% Z [6], ZMHE

0 ‘ 100
10 b 90 TR
20r 180 R/ (grem™)
30r 170 22 21 20 19 18 17 16 15 14 13 12
S 40t 160 ¥ el e v e o 100
tﬁ 50 150 %i 10 - 190
‘;\3 60 |- 140 ?E 201 180
70 130 30F 170
| | &40 160 &
80 20 o %
90 | 10 L0 130 &
] K]
ool L AN 1 1 1 1AL ]y B 60r 140 B
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TRG31% %0 | 20
3 HIW JE RT3 1 il 4% 90 I 10
Fig.3 Washability curve of HIW coal 100 il th idd e (U s QS G 0
0 10 20 30 40 50 60 70 80 90 100
M5 22 10 Fh 4 5 15145 ) KQ Jit 4 Y AT 328 M iy K531%
2, WE 4 PR HE 4R T KQ B HL i 43 1k 45 4 KQ RS T BE 1 h 2k
bR (R 11) o BZRKHIK 8 9% i, v LLE th Fig. 4 Washability curve of KQ coal
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Table 11 Theoretical separation indices of KQ coal %
KSR 53 ISR 5 HLE S/ (g - em ) J+ 0.1 PR
9.00 53.10 1.48 29.30 Ao

22 ZREEFESW

ZEA bR 6T BRI T R A AT, 2 RORS AR
K5y 9% WF, PLW JU 51 BIZ Jit 8 35 J& —F # e ik
ST KQ SRR HIW JU T8 T o e . AR A
SRR, OB R R AR Y PLW AR 43 51 5 Al =
FE R IEAT e Ve, LIRS RS I K 43 < 9% . Wi
I3 < 0.8% B 25 H8 BOM X B 0 5 R
22.1 PLW Jsifit 5 BIZ Ji B vk

MR 4% PLW J5L 8 i BIZ J5 5 B4 238 40 1 48 4

BRI B I 7 2 3, 505, 3:7 =ANLHIR
B, H =R U4 Ry T3 12, h& 120 L
R AR, LSS5, 3 TR
K= R A w403 23.76% Fi1 25.01%; = Fhid
L B RS BEIR 53 /N T 9%, B 43 /N T 0.8%; 723
BC T RS M GIEB R, b 82, MAE3 : THLI T
GMH N 76, L&A % 48, PLW R 5 BIZ
JEREBC LG Ry 3 1 7 BB VR AR B, R R R,
RASVERLUS , K43 RV 43 # LL AR

* 12 PLW [BJE 5 BIZ [RIE R IE bL B8 BL = B K 2 4R

Table 12 Coal sample data after mixing PLW and BJZ raw coals in different proportions %
B A L 45 EYPFVEL/ (g em ) FER My Ay Viar S 4 WG

<14 22.52 222 6.97 38.24 0.59

703 14~18 38.29 1.30 26.59 38.19 0.41 %
>1.8 27.90 0.15 73.23 55.93 0.20
MR 11.29 5.06 24.38 38.19 0.54
<14 23.76 3.00 7.33 38.77 0.56

Ss 14~18 31.94 1.18 26.54 38.52 0.41 o
>1.8 35.76 0.25 75.56 66.69 3.42
MR 8.54 1.54 36.12 39.24 0.45
<14 25.01 227 6.65 38.79 0.68

5ia 14~18 34.97 1.41 27.61 38.53 0.62 6
>1.8 29.30 0.22 70.75 54,57 3.82
PL S 10.72 1.55 29.38 39.23 0.73
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R4 PLW J5UAE A0 HIW JBARE (%) B 48 43 6 8 A
B PIRPEE A SR O s 1, 8:2, 6: 4 =4 LLpliR
Be, H =g Uil s g5 R A F 3R 130 X =R R
BoME %, 169 : 1 F18: 2 L b T AR BE 7= 43 3l
M 20.22% F1 18.42%, TE 6 : 4 BC R MRS 1 7= R i
L IR B 22.12% X TAEMEK 43, 9 1AL T

o, A 815%, 8: 2B LMK, 4 620%, 6:4H
FEI K 53R 6.72% XF FAEHEB 4, 8« 2 B LT 1
WAL, M 045%, 6:4F L FMHKE, N 0.86%,
9: It} 0.58%. 8: 2R L FAEM GlERK,
J973. @it BT, 9 1D R BRSO R
L BTN, BOURRCRELF . B 6 4B T
(AR R 7= 3 e, (HUAR A HL b R BE T 40 55 o

% 13 PLW BJRE S HIW RHE R ) bt 6] iR B /5 80 5 88

Table 13 Coal sample data after mixing PLW and HJW raw coals in different proportions %
Fie 4 L 4] =YOFUEE (g cm) FEER Mg Ag Viat Si, eI

<14 20.22 2.04 8.15 38.79 0.58

9:1 14~18 29.59 1.57 26.07 36.46 0.40 s
>1.8 45.81 0.58 74.52 54.44 0.75
B 4.38 1.79 33.09 37.51 0.58
<14 18.42 2.49 6.20 38.65 0.45

- 14~18 31.43 1.49 23.35 35.53 0.45 .
>1.8 39.52 0.60 73.22 57.78 1.19
LS 10.64 1.89 35.22 37.71 0.46
<14 22.12 2.30 6.72 38.54 0.86

64 14~1.38 26.27 1.79 26.16 36.22 0.55 65
>1.8 44.72 0.23 75.72 57.51 2.78
HEVE 6.90 2.11 30.63 37.51 0.89

223 PLW s KQ U FE vk

R A5 PLW J5t B R KQ Jit B 1% 3198 43 8 45 s
Sy RO 1. 7:3, 6:4, 4:6DURN LGRS,
H =97 DU 56 45 F 50 F 3 14, 76 DU Rh i 18 7 %
o, 46l AR R s, N 35.12%. X
FRE IR 4y, POFP I LR ARSI S KT 9%,

Hobo: 1Bl eR, N 7.31%, HoAth =FhHbdcizin.
X PR, 4: 6Lt iem, M 0.75%. DUFp
Fo il N RS IR GEE R, 46 MKEG
Hfm, K70, L EiRsHr, 4: 6B H T AL
Ve R AR B0, ORI R s, RS . K
I35 i R <0.8% il <9% HARER, K G EHE K.

& 14 PLW [RE S KQ RIE T [E) bk iR B /5 9 4R B 8 1R

Table 14 Coal sample data after mixing PLW and KQ raw coals in different proportions %
T L) SYIFUIEE/ (g om®) [ My 44 Vaat Si 4 G

<14 19.50 2.37 7.31 38.28 0.58

901 14~1.38 26.67 1.35 25.94 36.89 0.45 6
>1.8 50.56 0.23 74.60 58.21 0.44
S 3.26 1.92 38.08 39.07 0.45
<14 25.93 2.56 6.37 37.76 0.63

. 14~18 28.30 1.53 24.44 36.26 0.46 "
>1.8 39.79 0.28 71.44 53.09 1.05
pesing 5.98 2.11 33.03 38.15 0.53
<14 29.89 3.20 6.59 38.39 0.66

64 14~1.38 28.30 1.92 23.79 34.84 0.67 o
>1.8 39.79 0.24 74.12 57.01 0.38
S 7.74 1.68 31.22 38.02 0.61
<14 35.12 3.37 6.21 38.04 0.75

46 14~1.38 24.14 1.64 25.76 35.77 0.77 .
>1.8 32.64 0.16 76.72 61.92 0.92
e 8.10 1.84 27.89 38.60 0.94

23 ZEXFESH
R FE G I R e TR IR, AR R A T R A R R
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53 <9%. Wiy < 0.8% S R4S 48 BUM X B by H ™= 5
R BRE R o
23.1 PLW, HJW, BJZ J5 M0 vk

R4 PLW, HIW, BIZ J5UE (9 BEE 7 25 48 45
Wit T 5:1:4, 4:2:4, 4:3:3 =Ffc L,
H=90F Dl 50 45 19 73 15, 76 = A [HC L
WIS BE = %h LL4:3 3 KM R EE, N

32.00%; LAS:1: 4R REMK, N 27.46%.
XF PRG3R G VR 7 & RORS B R Ay BT
9%, H RS Z8/N . X TASBEB 4y, =F Lk
(RS IR 20 290 T 0.8%, FF A W E SR, Btk
4:2  AMBR AR, M 0.45%. MASTATE HE R AY
FHES TR BORE , = R H RS B 45 T A0y 3k E)
60 L I, FhaivERar

% 15 PLW, HIW, BIZ R A[E bk IR & /5 00 B 1F S iE

Table 15 Coal sample data after mixing PLW and HJW BJZ raw coals in different proportions %
LI Lt SYIFURE (g om”) PR My A4 Vat St d M GHE

<14 27.46 2.61 8.35 38.54 0.59

si1:a 14~18 26.67 1.75 30.06 4121 0.65 )
o >1.8 37.00 0.43 74.16 63.78 3.68
e 8.87 1.00 31.48 39.63 0.25
<14 30.84 3.35 7.92 38.72 0.45
14~18 25.52 1.66 28.82 37.07 0.44

4:2:4 63
>1.8 29.84 0.44 75.54 64.31 0.44
HEe 13.80 0.83 25.34 37.71 0.56
<14 32.00 2.87 8.10 39.12 0.73
14~18 27.16 1.73 27.78 36.99 0.43

4:3:3 66
>1.8 30.00 0.35 74.56 61.78 0.54
JEe 10.84 1.04 27.62 38.77 0.75

232 PLW, HIW, KQ Jf 1M ¥k

R4 PLW, HIW, KQ J5 4 i 3t 4 i 45 4
Wil T 7:2:1, 7:1:2, 6:1:3=Fftefikqr
R, H =907 005 45 15 T % 16,

MR 16 AT £ =M TR, 7:1: 20

PR N 26.84%, W ey T M P RP G bE L A )
fE = Rl P K, M 0.68%. — I EL Y K
YRR SR 2 F Ny IWEEESHRBORE, 7:2: 1
B EE 4 Fe B R (69) , 712 B Fh &5 48 Bk
Z (64) .

& 16 PLW, HIW, KQ EHEA[E Lk iR & /5 B M # 5iF

Table 16 Coal sample data after mixing PLW and HJW .KQ raw coals in different proportions %

T L1 SIFIEE/ (g cm ™) e My Ay Vat S, 4 MGl
<14 25.47 1.90 6.61 38.50 0.74

7i0:1 14~1.8 29.27 121 25.64 37.19 0.46 "
>1.8 41.23 0.18 77.74 61.79 0.87
pesing 4.03 1.59 35.99 39.75 0.86
<14 26.84 1.62 6.57 37.89 0.68

710 14~18 26.88 2.61 23.85 38.52 0.54 o
>1.8 42.83 0.13 75.51 61.32 1.01
T 3.45 1.10 29.92 37.48 0.69
<14 2627 2.46 6.18 38.98 0.78

613 14~1.8 30.10 2.62 2226 36.68 0.77 5
>1.8 39.14 0.08 78.08 64.43 0.66
posing 4.49 1.91 28.58 37.14 0.85

4
24 Rgh 3 EB

i bRl 7EouMvE  EH, PLW, KQ &
TG L ) 7 4 0 6 RS I P R IR, N 35.12%,
HOBE S AR A X 5 4. FE = oo VE T £ b, PLW,
HIW, BIZ Ji S A5 LU B 7E 4 ¢ 3 0 3 BRI 7= R o
W, N 32.00%, HB TS AR AR A

i o %F PLW, HIW, BJZ, KQ VY Fp 54t i 47
FEOUIR I A0 A, BE T & M I o R 1 A Ly R R
PE, Wit T ZouM =i BE A %, Il =R
TR A B A R AT TR AT
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